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SOME 2,400 years ago Hippocrates, in his book “On the Sacred 
Disease,” made an effort to prove that epilepsy was no more 
divine than other diseases and argued that the seat of the 
disorder was in the brain. Yet to this day the diagnosis of 
epilepsy is frequently so frightening to the patient and his 
family and carries with it so many social implications that 
it is sometimes wiser and kinder, as Penfield has said, to call 
attention to the cause rather than use the term “epilepsy.” 
From the time of Hippocrates to the latter part of the 19th 
Century the seizures were attributed to many factors. They 
were, at various times, related to humors, the cycles of the 
moon, supernatural possession and sexual excesses. During 
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this same period the pharmacological and non-pharmacologi- 
cal treatment was equally bizarre and included such remedies 
as human blood and bones, animal dung, gonadal substances, 
the wearing of amulets, castration and circumcision. 

The latter half of the 19th Century marked the beginning 
of the modern era in both the physiology and the treatment 
of convulsive seizures. Many brilliant observations and con- 
clusions were made during this period, but it is to Hughlings 
Jackson that we are indebted for our understanding of focal 
seizures and for the classical, physiological definition of epi- 
lepsy: “Epilepsy is the name for occasional, sudden, exces- 
sive, rapid and local discharges of gray matter.” It was his 
concept that “a convulsion is but a symptom... . it occurs 
with all sorts of conditions of ill health, at all ages and under 
innumerable circumstances.” 

The first rational pharmacological approach to the treat- 
ment of convulsive seizures was initiated by Sir Charles 
Locock in 1857, with the use of bromides. The century since 
then has seen the introduction of a great variety of drugs 
which have made it possible to control or greatly reduce the 
frequency of seizures in approximately 80% of patients. 

DEFINITION.—It is difficult clinically to define the convul- 
sive disorders in terms which would cover their manifold 
features. One definition that might be given is that a patient 
has a convulsive disorder, or epilepsy, when he is subject to 
transient, periodic attacks of change in the state of con- 
sciousness which may or may not be accompanied by motor 
and/or sensory phenomena. This definition is inadequate be- 
cause the motor and sensory phenomena may occur without 
any obvious disturbance of consciousness, and the disturb- 
ance of consciousness may occur without any motor or sen- 
sory phenomena. 

INcCIDENCE.—While there are no accurate figures on the 
number of individuals who suffer with recurrent seizures, 
estimates based on draft statistics indicate that approxi- 
mately one-half of 1% of the population, or over three- 
quarters of a million people in the United States, are 
affected. After apoplexy it is the most common of the 
neurological disorders but, unlike the “stroke,” it involves 
primarily children and young adults. 

CLASSIFICATION.—For clinical purposes it is most practical 
to divide the convulsive disorders into two groups. The term 
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“symptomatic” or “acquired” epilepsy is frequently applied 
to the first group and implies that a demonstrable organic 
lesion of the brain or some metabolic disturbance is the 
underlying basis of the seizures. Because no brain lesion or 
metabolic defect can be demonstrated in the second group, 
it is often called “idiopathic” (essential, cryptogenic, genetic) 
epilepsy. 

Actually this is a fallacious method of division because it 
presumes that seizures in patients with symptomatic epilepsy 
are due solely to the organic lesion. Conversely, it assumes 
that there is no lesion in the patients with so-called “idio- 
pathic” epilepsy. This latter assumption is not justified. All 
that we can say is that we cannot demonstrate any path- 
ology in these cases by the methods now available. 


ETIOLOGY 


The pathophysiology of convulsive seizures is still un- 
known despite the great number of biochemical and physio- 
logical studies that have been made on patients with convul- 
sive seizures. 

The role of hereditary factors in the occurrence of epilepsy 
has not been fully elucidated. Lennox found a history of re- 
current seizures in 3.6% of the near relatives of patients with 
so-called “idiopathic” epilepsy, which is seven times the inci- 
dence of the disorder in the general population. The incidence 
of a family history of epilepsy is lower (1.8% ) in patients 
whose seizures developed following damage to the brain; but 
while the figure is half that given for “essential” epilepsy, it 
is still three times the expected incidence in the total popu- 
lation. 

The genetic influence was again demonstrated by Lennox 
in a study of 122 pairs of twins affected by seizures. In twin 
pairs without prior brain damage, both co-twins were epi- 
leptic in 84% of the one-egg and in 10% of the two-egg 
twins. 

Lennox considers the electroencephalogram to be of value 
in determining the “predisposition” to epilepsy. He found 
some degree of abnormality in the electroencephalogram in 
50% of near relatives of epileptics, in contrast to the finding 
of such abnormalities in 16% of the adult normal popula- 
tion. 

A study made by Lilienfeld and Pasamanick in Baltimore 
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casts some doubt on the importance of genetic factors as a 
cause of epilepsy. They found that the prenatal and paranatal 
records of 564 epileptic children showed significantly more 
complications of pregnancy and delivery, prematurity and > 
abnormal neonatal conditions than a similar number of 
matched controls. These abnormalities were just as frequent 
among epileptic children whose parents did or did not have 
epilepsy. This investigation indicated that the most impor- 
tant maternal complications were the toxemias of pregnancy 
and bleeding during pregnancy and labor. Asphyxia requiring 
prolonged resuscitation and convulsions were the most com- 
mon abnormalities noted in the neonatal period. 

The fact that there is a high incidence of seizures in pa- 
tients with organic lesions in the brain makes it seem prob- 
able that damage to cerebral tissue is of great importance in 
the occurrence of seizures. However, in the majority of pa- 
tients with seizures, evidence of gross damage to the brain 
is lacking. It must, therefore, be concluded that other factors 
are responsible for the abnormal discharge which precipi- 
tates the seizure. It is obvious that brain damage, when pres- 
ent, is not the sole cause of the seizure. This abnormality is 
always present, but the seizures occur only at irregular inter- 
vals. Similarly, it cannot be presumed that inert tissue is the 
site of origin of a convulsive seizure, and it is more likely 
that the site is in the more nearly normal but slightly dam- 
aged tissue adjacent to the injury. An undue susceptibility 
of the relatively normal tissue in the neighborhood of de- 
stroyed or damaged nervous tissue to various stimuli or meta- 
bolic disturbances would explain the high incidence of seiz- 
ures in patients with organic lesions in the nervous system. 

There is increasing evidence that acetylcholine may play 
some part in the production of seizures. Its application to the 
cerebral cortex is followed by the development of abnormal 
cortical discharges. Convulsive seizures have resulted from 
the injection of acetylcholine intravenously or intracister- 
nally. Excessive amounts of acetylcholine have been found in 
cerebrospinal fluid of patients subject to seizures. More re- 
cently, Tower has demonstrated that human epileptic foci 
studied in vitro contain more cholinesterase than non-epi- 
leptic foci and are unable to bind acetylcholine as effectively. 

Finally, convulsive seizures may be produced in normal in- 
dividuals by the injection of camphor, Metrazol and strych- 
nine and by electrical stimulation. It could be said that a 
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convulsion is the normal mode of response of the nervous 
system to overwhelming stimuli. 


PATHOLOGY 


For the most part there are no specific changes in the brain 
of patients with epilepsy. A great variety of findings has 
been reported in the brains of patients subject to recurrent 
seizures. These include accumulations of fluid beneath the 
arachnoid; thickening of membranes; convolutional atrophy 
and lobar shrinkage; ventricular distentions, and ependymal 
granulations. It is, however, usually difficult to decide which 
of these lesions are the cause and which are the result of the 
seizures. 

As previously noted, seizures are common in patients with 
various organic lesions of the nervous system, but these same 
lesions occur in patients who have never had a seizure. It is 
not possible to differentiate histologically epileptic from non- 
epileptic foci. Minor lesions such as sclerosis of Ammon’s 
horn or minute areas of cortical cellular loss, which have 
been reported by some, are probably the results, rather than 
the cause, of seizures. 


CLINICAL MANIFESTATIONS 


The convulsive disorders may manifest themselves in a 
variety of forms, related in part to the focus from which the 
epileptic discharge arises and to the rapidity of the spread of 
the discharge to other areas of the cortex. While it may be 
difficult to classify the attack in an occasional case, most 
seizures may be divided roughly into five groups, according 
to the physical manifestations which occur during the at- 
tacks, These five groups are: grand mal, major or generalized 
seizures; petit mal or minor attacks; minor motor attacks; 
psychomotor attacks and epileptic equivalents, and focal 
seizures. 


GRAND MAL SEIZURES.—Approximately 90% of patients 
with convulsions have seizures of the grand mal type, either 
alone or in combination with other types of attacks. Except 
for the aura, there are no features of the grand mal attack 
itself which indicate whether it is of symptomatic or idio- 

athic origin. Such seizures have no a diagnostic —_ 
ance and can occur in association wi th a focal lesion in 
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any part of the cerebral cortex, with diffuse disease of the 
brain or in the absence of a demonstrable lesion. The aura 
is often of a non-specific nature, but in many cases it may 
offer the only clue to the location of the epileptogenic focus. 
Patients with focal lesions in the cortex are apt to have an 
aura which can be related to the damaged area. 

Prodromal manifestations of grand mal attacks are uncom- 
mon before a major seizure, but a few patients become in- 
creasingly irritable for several hours before the attack. An 
occasional few have headache or mental confusion, and 
some have increasing numbers of myoclonic jerking for 
hours before the grand mal seizure. 

The attack itself is initiated by an aura in about 50% of 
the cases. The aura, unlike the prodromal manifestations, is 
an integral part of the attack and may be reported by the 
patient as a sensation that is difficult to describe or as a 
feeling of “weakness,” “dizziness,” “fear” or “numbness.” In 
some patients the aura takes the form of a peculiar sensa- 
tion in the abdomen that seems to rise up through the chest 
to the head, at which time loss of consciousness occurs. The 
aura may last long enough to allow the patient to lie down, 
but more commonly it is followed within a few seconds by 
the other manifestations of a seizure. Occasionally, however, 
it is not followed by the full-blown attack and may be the 
only manifestation of the episode. This is particularly true in 
some patients whose seizures have been partially controlled 
by anticonvulsant drugs. 

In the typical grand mal attack the aura is followed by a 
shrill cry, loss of consciousness and generalized tonic and 
clonic movements. During the convulsive phase of the attack, 
there may be tongue biting, urinary and fecal incontinence 
and, rarely, ejaculation. The face may become deeply cya- 
notic during the tonic phase when respirations are sus- 
pended. With onset of the clonic phase respirations are jerky 
and stertorous. Saliva, mixed with blood if the tongue or 
inner surface of the cheek has been bitten, is blown from 
the mouth. The jerking movements of the body gradually 
slow up and finally disappear and the patient then relaxes. 
Consciousness may return within a few minutes or the pa- 
tient may lapse into a heavy sleep to awaken several hours 
later. On awakening or on regaining consciousness the pa- 
tient frequently complains of headache, nausea, stiffness of 
the muscles and general fatigue. Some patients are confused 
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and difficult to control for minutes to hours after the attack. 
The presence of such post-ictal phenomena is one of the 
chief differential points which distinguishes grand mal epi- 
sodes from hysterical seizures. 

There are many variations in the severity and duration of 
the attacks. Any phase of the seizure may be absent or so 
brief as to pass unnoticed. Rarely there may be no muscular 
contraction and the attack simulates simple syncope. The 
duration of an individual attack varies from less than a min- 
ute to 10 minutes or more. The frequency varies from many 
in one day to one in several years. Occasionally the seizures 
occur with such rapidity that another attack develops before 
consciousness is regained from the previous attack (status 
epilepticus). 

PETIT MAL ATTACKS.—If the number of affected individu- 
als is considered, petit mal attacks rank second to grand mal 
in order of frequency. Petit mal seizures are characteristically 
a manifestation of the convulsive disorders in childhood and 
rarely, if ever, have their onset after the age of 20. In Living- 
ston’s series of 503 patients with petit mal epilepsy, 76% 
were females.They may occur in patients with birth injuries 
or developmental defects or may develop following acute 
febrile illnesses in childhood, but they are most commonly 
seen in children with no known organic lesion in the nervous 
system and practically never appear for the first time in adult 
patients with cerebral tumors, abscesses or following cerebral 
trauma. It is thought by some ‘that the focus of the abnormal 
discharge which precipitates a petit mal attack is subcortical, 
possibly in the thalamic nuclei. 

Petit mal attacks are characterized by a transient clouding 
of consciousness lasting 5-30 seconds with or without minor 
movements of the head, eyes and extremities and loss of mus- 
cular tone. It is rare for the patient to fall in even the most 
severe attacks. There may be a drooping of the head, the 
patient may stagger a few steps or there may be a loss of 
control of the urinary sphincter. After an attack the patient 
is immediately alert and able to carry on with previous activ- 
ities. Such attacks tend to recur several to many times daily. 
As a rule, they are most frequent in the first few hours after 
arising, or when the patient is sitting quietly while eating or 
reading. They are relatively infrequent during active exercise. 

Petit mal attacks are the easiest of all the seizures for the 
physician to document. It is possible to induce a clinical petit 
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mal spell in the great majority of patients subject to these 
attacks by one to three minutes of voluntary hyperventilation. 

Petit mal epilepsy tends to appear during the first decade 
but may be delayed to the time of puberty. Some patients may 
continue to have petit mal attacks in adult life, but it is not 
uncommon for the seizures to become less frequent as the 
child grows older and in many cases they disappear before 
the age of 20. Unfortunately, grand mal or psychomotor 
seizures may develop at any time in patients who had only 
petit mal seizures at the onset, and are apt to persist in adult 
life in the patient who ceases to have petit mal attacks. In 
Livingston’s series, 40% of his patients whose epilepsy began 
in the form of petit mal subsequently developed other types 
of seizures. 

As with grand mal, some patients may have continuous 
petit mal attacks without regaining consciousness between 
seizures. This condition, known as petit mal status, may be 
confused with psychomotor seizures. 

MINOR MOTOR SEIZURES.—Certain types of seizures resem- 
ble petit mal in that they are very transient, recur frequently 
and afterward the patient is usually alert. These have been 
called akinetic attacks and myoclonic jerks. Lennox originally 
included these seizures in the petit mal group as the petit mal 
triad because of a similar electroencephalographic pattern 
and because all three types did not respond to the drugs used 
against grand mal seizures. Livingston, on the other hand, 
had included these attacks under the heading of minor motor 
seizures because of his belief that they were different from 
the episodes classified as petit mal. 

In the akinetic seizures there is a sudden loss of tone in 
all the muscles of the body of such severity that the patient 
falls to the ground. The fall is sometimes so violent that the 
patient seriously injures himself. As a rule, if there has been 
no injury the patient gets up and continues with his activi- 
ties. In very young children who are sitting but not walking, 
the attack may consist of a sudden forward dropping of the 
head. Frequently the chin strikes a table, and such young- 
sters may have multiple lacerations of the chin and head. 
Such attacks have also been termed inhibitory, head-dropping 
or salaam spells. They are more common in children than in 
adults and for a long time may be the only manifestation of 
the convulsive disorder. They may, however, occur in pa- 
tients who have typical petit mal attacks or seizures of the 
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grand mal type. In all probability the akinetic attacks are 
manifestations of symptomatic epilepsy, and it is very com- 
mon to find mental retardation of varying degrees associated 
with this type of seizure. 

Myoclonic jerks are characterized by sudden, jerky move- 
ments of arm or trunk muscles without apparent loss of con- 
sciousness. The movements produced by these contractions 
may be slight or so violent as to cause the patient to drop or 
throw an object held in the hands, or they may upset the 
equilibrium if the muscles of the trunk or lower extremities 
are affected. They may occur at any time but tend to be more 
frequent in the early hours of the day and may be the only 
manifestation of a convulsive disorder for a period of months 
to years. In some patients myoclonic jerks may occur at ir- 
regular intervals for several hours or days, increasing in fre- 
quency and severity until a grand mal seizure occurs. 

Still another type of attack can be included in the group 
of minor motor seizures. These are the spells seen usually in 
infants under 1 year. They have been called massive myo- 
clonic spells, infantile spasms and “lightning majors.” Such 
attacks are manifested by a sudden but very brief upward 
flinging of the arms, forward bending of the head and flexion 
of the thighs on the abdomen. The entire episode lasts five to 
10 seconds but may repeat itself five or six times in the 
course of a few minutes. The seizures tend to recur fre- 
quently during the course of the day and are often associated 
with underlying brain damage. Their occurrence implies a 
poor prognosis for intellectual development, as they are fre- 
quently associated with mental retardation. 

PsYCHOMOTOR ATTACKS.—These seizures are often so bi- 
zarre in their manifestations that they have been described 
as hysterical phenomena. In most cases, the attacks are char- 
acterized by a brief loss of consciousness which is superfi- 
cially similar to that which occurs in petit mal epilepsy. They 
differ from petit mal spells in duration, usually lasting from 
30 seconds to two minutes. In addition, the range of muscu- 
lar movements is greater. There may be twisting or writhing 
movements of the extremities or trunk, smacking movements 
of the lips, incoherent speech, the involuntary performance 
of apparently purposeful activities, or resistance to any help 
offered during the attack. Clouding of consciousness is deeper 
than in petit mal. The patient usually has complete amnesia 
for the entire attack, and there is a partial clouding of con- 
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sciousness for one-half to several minutes after the attack 
has ended. The abnormalities in the electroencephalogram in 
psychomotor seizures are different from those of petit mal 
epilepsy. 

Psychomotor seizures are the third most common type of 
attacks. They are seen most commonly in adults but also oc- 
cur in children. Five per cent of the epileptic children in Liv- 
ingston’s group had psychomotor seizures, either alone or 
with other types of epilepsy. 

Electroencephalographic recordings, particularly those 
made during sleep, indicate that the focus for the abnormal 
discharge which precipitates a characteristic psychomotor 
attack is usually in the anterior portion of one temporal lobe. 
Because of this finding many authorities consider psycho- 
motor seizures to be of symptomatic origin, secondary to a 
structural lesion in one or both temporal lobes. 

FOCAL SEIZURES.—The focal seizures described by Jackson, 
and which bear his name, are associated with lesions in the 
motor cortex. The seizure starts with convulsive twitchings 
of one portion of the body, usually the distal part of one ex- 
tremity. If the seizure starts in the finger it spreads to the 
wrist, the forearm, the face and then to the homolateral leg. 
The power of speech may be impaired or lost when the con- 
vulsive movements involve the dominant side of the body. 
Consciousness is retained unless the movements spread to 
the opposite half of the body. If this occurs, consciousness 
is lost and the further manifestations are similar to those of 
a grand mal seizure. 

Some focal attacks remain limited to one part of the body 
without any march or spread. Instead of the twitching there 
may be a sudden, flaccid weakness of one extremity on one 
side of the body for a very brief period. 

Lesions in other portions of the cerebral cortex may be ac- 
companied by focal seizures, but with the exception of the 
focal sensory seizures characterized by a sensation of numb- 
ness or tingling in one extremity or one half of the body, 
they do not have the specific localizing value of the Jack- 
sonian seizure. They do, however, localize the lesion to one 
hemisphere and sometimes to a restricted portion of the 
hemisphere. 

Focal attacks are less common than other types of seizures. 
They will be found to be more common than generally sup- 
posed, however, if the onset of supposedly generalized attacks 
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is carefully analyzed. Jacksonian and focal seizures occur al- 
most exclusively in patients with an organic lesion in the 
cortex. This lesion may be of macroscopic or microscopic 
size. It is commonly thought that Jacksonian or focal con- 
vulsive seizures are pathognomonic of tumors of the brain, 
but in more than 50% of the cases these attacks are asso- 


TABLE 1.—Eprmeptic SEIZURES—CLINICAL AND ANATOMICAL 


CLASSIFICATION* 
CLINICAL LOCALIZATION 
Somatic motor 
1. General seizure (grand mal) Complete motor 
2. Jacksonian seizure (local motor) Pre-rolandic gyrus 
3. Masticatory seizure Lower rolandic 
4. Simple adversive seizure Frontal 
5. Tonic postural seizure Brain stem 
Somatic sensory (auras) 
6. Somatosensory Post-rolandic gyrus 
7. Visual seizure Occipital 
8. Auditory seizure Temporal 
9. Vertiginous seizure Temporal 
10. Olfactory seizure Infra-temporal 
Visceral 
11. Autonomic seizure Diencephalic 
Psychical 
12. Dreamy stage seizure Temporal 
13. Petit mal 


14. Automatism (ictal and postictal) 
15. Psychotic states (secondary). 


*After Penfield and Erickson (32). 


ciated with lesions due to other causes, e.g., birth injury, 
trauma or infection. 

Table 1 summarizes the various seizure types and their 
supposed anatomical localization. 

There are other types of attacks which are less clearly de- 
fined but are frequently classified under the convulsive dis- 
orders because of their paroxysmal nature and because they 
may occur in patients who also have the more typical type of 
seizures or have electroencephalographic evidence of a con- 
vulsive disorder. 

Some patients may have pain in the abdomen as an aura 
of their seizures. In some, paroxysmal attacks of abdominal 
pain may be the only manifestation of the convulsive seizure. 
These cases have been described as a clinical entity occurring 
primarily in children, under the term “abdominal” epilepsy. 
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The evidence in support of the claim that the abdominal pain 
is a convulsive manifestation consists of the finding of an 
abnormal electroencephalogram, favorable results of treat- 
ment with anticonvulsant drugs and the development of re- 
current convulsive seizures in later years. 

Headache, like abdominal pain, may occur as an aura in 
patients with seizures, and in some it may be severe and in- 
tractable during the post-ictal phase of the grand mal attack. 
In some children it may occur paroxysmally without the 
other phenomena that usually accompany a bout of mi- 
graine. Characteristically the child suddenly complains of a 
severe headache, usually involving only one area of the head, 
which lasts 10-30 minutes, after which the child is drowsy 
and may actually sleep for a time. Again, the convulsive state 
is suggested by the facts that the electroencephalogram is 
abnormal and the headache disappears with the use of anti- 
convulsant drugs. 


DIAGNOSIS 


The first step in diagnosis of a convulsive disorder or epi- 
lepsy is to establish the presence of seizures. An accurate 
description of the attack obtained from a competent observer 
will not only help exclude some of the conditions which re- 
semble the convulsive disorders but will help define the type 
or types of seizures that are present. The patient himself is, 
as a rule, not a good witness, and only those with focal seiz- 
ures are able to give any description of their attacks. Some 
patients with grand mal are able to describe their aura and 
some of the phenomena following the attack but are unable 
to give any account of the seizure itself. 

The second step in diagnosis is to determine whether the 
seizures are associated with some organic lesion of the cen- 
tral nervous system or with some metabolic disturbance. 
Every patient with seizures should be subjected to thorough 
study, including a complete history, general physical and 
neurological examinations, x-rays of the skull, determination 
of the glucose, non-protein nitrogen and calcium contents of 
the blood, electroencephalogram and cerebrospinal fluid 
studies. Other diagnostic tests of value are pneumoencephal- 
ography and cerebral angiography. 

The age at the time of onset of seizures may have consider- 
able diagnostic significance. Convulsive seizures of unknown 
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cause (idiopathic epilepsy) usually have their onset early in 
life. In the great majority of cases, seizures start before the 
age of 25, but from this age to senility there is a small but 
fairly constant percentage for each decade in which seizures 
of unknown origin occur for the first time. As a rule, how- 
ever, the later the onset of seizures, the greater the probabil- 
ity that they are associated with some organic lesion of the 


Convulsive seizures associated with organic disease of the 
brain or with metabolic disturbance may have their onset at 
any age of life. Evaluation of large series of cases has given 


TABLE 2.—Presumprtive CAusE BASED ON AGE OF ONSET OF 
SEIZURES* 


Acs or ONsET Presumptive Cause 

Infancy: 0-2 yrs. Birth injury, congenital defects 

Childhood: 2-10 yrs. Idiopathic, birth trauma, congenital 
defects, infections, thrombosis of 
cerebral vessels 

Adolescence: 10-20 yrs. Idiopathic, trauma, birth injury, 
congenital defects 

Young adult: 20-35 yrs. Trauma, neoplasm, idiopathic 

Middle age: 35—55 yrs. Neoplasm, trauma, vascular disease 

Senescence: 55-70 yrs. Neoplasm, vascular disease 


*Modified from Penfield and Jasper (31). 


some indication of the presumed cause of seizures at differ- 
ent age levels (Table 2). . 

CONVULSIONS IN CHILDHOOD.—Convulsive seizures occur 
more frequently during infancy and childhood than in any 
other period of life, and it is in this period that the differen- 
tiation of the various conditions associated with seizures may 
be most difficult. In Livingston’s series of over 4,000 children 
with seizures, 53% were considered to have idiopathic epi- 
lepsy, and in this group the most common time of onset was 
between 4 and 8 years of age. 

In Peterman’s series of 2,500 children with seizures, the 
convulsions were associated with acute infections in one third 
of the cases, were of undetermined origin (idiopathic) in one 
fourth and were related to cerebral birth injuries in 14% 
(Table 3). Under infections, Peterman included the cases 
with febrile convulsions and those with acute infectious dis- 
eases in which the central nervous system was invaded by 
bacteria or viruses. Like Livingston, he found that idiopathic 
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The evidence in support of the claim that the abdominal pain 
is a convulsive manifestation consists of the finding of an 
abnormal electroencephalogram, favorable results of treat- 
ment with anticonvulsant drugs and the development of re- 
current convulsive seizures in later years. 

Headache, like abdominal pain, may occur as an aura in 
patients with seizures, and in some it may be severe and in- 
tractable during the post-ictal phase of the grand mal attack. 
In some children it may occur paroxysmally without the 
other phenomena that usually accompany a bout of mi- 
graine. Characteristically the child suddenly complains of a 
severe headache, usually involving only one area of the head, 
which lasts 10-30 minutes, after which the child is drowsy 
and may actually sleep for a time. Again, the convulsive state 
is suggested by the facts that the electroencephalogram is 
abnormal and the headache disappears with the use of anti- 
convulsant drugs. 


DIAGNOSIS 


The first step in diagnosis of a convulsive disorder or epi- 
lepsy is to establish the presence of seizures. An accurate 
description of the attack obtained from a competent observer 
will not only help exclude some of the conditions which re- 
semble the convulsive disorders but will help define the type 
or types of seizures that are present. The patient himself is, 
as a rule, not a good witness, and only those with focal seiz- 
ures are able to give any description of their attacks. Some 
patients with grand mal are able to describe their aura and 
some of the phenomena following the attack but are unable 
to give any account of the seizure itself. 

The second step in diagnosis is to determine whether the 
seizures are associated with some organic lesion of the cen- 
tral nervous system or with some metabolic disturbance. 
Every patient with seizures should be subjected to thorough 
study, including a complete history, general physical and 
neurological examinations, x-rays of the skull, determination 
of the glucose, non-protein nitrogen and calcium contents of 
the blood, electroencephalogram and cerebrospinal fluid 
studies. Other diagnostic tests of value are pneumoencephal- 
ography and cerebral angiography. 

The age at the time of onset of seizures may have consider- 
able diagnostic significance. Convulsive seizures of unknown 
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cause (idiopathic epilepsy) usually have their onset early in 
life. In the great majority of cases, seizures start before the 
age of 25, but from this age to senility there is a small but 
fairly constant percentage for each decade in which seizures 
of unknown origin occur for the first time. As a rule, how- 
ever, the later the onset of seizures, the greater the probabil- 
ped that they are associated with some organic lesion of the 
ain. 
Convulsive seizures associated with organic disease of the 
brain or with metabolic disturbance may have their onset at 
any age of life. Evaluation of large series of cases has given 


TABLE 2.—PrEsuMPTIVE CAUSE BASED ON AGE OF ONSET OF 


SEIZURES* 
AGE or ONSET PRESUMPTIVE CAUSE 
Infancy: 0-2 yrs. Birth injury, congenital defects 
Childhood: 2—10 yrs. Idiopathic, birth trauma, congenital 
defects, infections, thrombosis of 
cerebral vessels 
Adolescence: 10-20 yrs. Idiopathic, trauma, birth injury, 
congenital defects 
Young adult: 20-35 yrs. Trauma, neoplasm, idiopathic 
Middle age: 35—55 yrs. Neoplasm, trauma, vascular disease 
Senescence: 55—70 yrs. Neoplasm, vascular disease 


*Modified from Penfield and Jasper (31). 


some indication of the presumed cause of seizures at differ- 
ent age levels (Table 2). 

CONVULSIONS IN CHILDHOOD.—Convulsive seizures occur 
more frequently during infancy and childhood than in any 
other period of life, and it is in this period that the differen- 
tiation of the various conditions associated with seizures may 
be most difficult. In Livingston’s series of over 4,000 children 
with seizures, 53% were considered to have idiopathic epi- 
lepsy, and in this group the most common time of onset was 
between 4 and 8 years of age. 

In Peterman’s series of 2,500 children with seizures, the 
convulsions were associated with acute infections in one third 
of the cases, were of undetermined origin (idiopathic) in one 
fourth and were related to cerebral birth injuries in 14% 
(Table 3). Under infections, Peterman included the cases 
with febrile convulsions and those with acute infectious dis- 
eases in which the central nervous system was invaded by 
bacteria or viruses. Like Livingston, he found that idiopathic 
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epilepsy was the most common cause of recurring convul- 
sions in childhood. 

In his evaluation of convulsions in childhood, Peterman 
classified the various causes of seizures at different age 
levels. He found that birth trauma and infections were the 
major cause of seizures in infants under the age of 6 months; 
infections, epilepsy and tetany were the major causes of 
seizures in infants between 6 months and 3 years; idiopathic 
epilepsy and infections were the conditions most commonly 
associated with convulsions in patients between ages 3 and 
10; and idiopathic epilepsy accounted for approximately 75% 
of the cases between 10 and 16 years. 

Seizures appearing within the first two years of life are 
most frequently associated with birth injuries or congenital 
cerebral defects. In some cases the attacks may be the first 


TABLE 3.—CausEs or CONVULSIONS IN 
CuILpHOop (2,500 CasEs )* 


CausE 
Cerebral birth injury or residue..............+.. 14.2 


*From Peterman (33). 


manifestation of underlying cerebral disturbance. In others 
they may supplement retardation, delay in development and 
cerebral palsy as evidence of brain damage. 

According to Lennox, seizures occur in approximately 5% 
of all children under the age of 5. In about one half of these 
patients the seizures are related to some febrile illness. When 
the attacks occur with a known extra-central nervous sys- 
tem infection, e.g., pharyngitis, tonsillitis, pyelitis, they are 
known as febrile convulsions. It is generally agreed that 
seizures in young children with febrile illnesses do not nec- 
essarily presage the later development of epilepsy, but the 
likelihood of this eventuality is great if the seizures recur 
with every febrile illness, if there are multiple seizures or if 
there are paroxysmal abnormalities in the electroencephalo- 
gram in the seizure-free interval. 

In young children the occurrence of a seizure in the pres- 
ence of a febrile illness for which there is no known cause 
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Fic. 1 (above).—Calcifications in a meningioma compressing 
cerebral hemisphere. 


Fic. 2 (below).—Toxoplasmosis; punctate calcifications in cere- 
bral hemispheres. 
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Fic. 3.—Sturge-Weber syndrome; intracerebral calcification. 
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Fic. 4.—Grand mal seizure in " girl, 21; bipolar recording. The 
Sage and becume within 90 The 
normal activity consists of high voltage rapid and spike activity 


with occasional spike and wave groups in between. (Courtesy of 
Dr. P. F. A. Hoefer. ) 
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Fic. 5.—Petit mal seizure in a girl, 8; monopolar recording. The 
seizure starts abruptly and simultaneously in all areas. The charac- 
teristic pattern is a 2—3 per second spike and wave activity. Occa- 
sionally several spikes precede a wave. (Courtesy of Dr. P. F. A. 
Hoefer. ) 
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should lead to a suspicion of meningitis. It is not an uncom- 
mon pediatric experience to have a convulsion as the first 
manifestation of meningitis without meningeal signs, par- 
ticularly in cases due to Hemophilus influenzae. Examination 
of the cerebrospinal fluid is indicated in every case in which 
there is a convulsion and fever without apparent cause. In 
young infants with adequately treated meningitis, the appear- 
ance of seizures suggests the possibility of a subdural effu- 
sion and warrants subdural taps. 

When a child who has previously been normal has convul- 
sive seizures and regresses mentally or develops focal neuro- 
logical signs, one should consider such possibilities as an 
intracranial tumor, subdural hematoma, cerebral vascular 
malformation, vascular occlusion, degenerative cerebral dis- 
ease or lead poisoning. Because brain tumors in children tend 
to be situated in the cerebellum and brain stem rather than 


in the cerebral hemispheres, they are not as frequently associ- 
ated with convulsive seizures as they are in adults. However, 
children with supratentorial tumors have as high an incidence 
of seizures as do adults. 

CONVULSIONS IN ADULTS.—Convulsive seizures occurring 
for the first time in adults are much more likely to imply an 
underlying organic lesion than they do in children. While 
there are many disorders which are associated with convul- 
sions in adult life, the more common conditions are the intra- 
cranial space-occupying lesions, cerebral trauma and vascu- 
lar lesions. 

Intracranial neoplasms are the most frequent cause of con- 
vulsive seizures in patients between 35 and 55. About a third 
of the patients with all types of brain tumors will have seiz- 
ures. Penfield reported an incidence of 45% in his supra- 
tentorial cases. When seizures do occur they frequently may 
be the first manifestation and in some instances the only 
clinical sign of the tumor. Hoefer and his co-workers noted 
that seizures were the initial symptoms in 68% of their cases 
of astrocytoma, in 60% of the meninglomep and in 51% of 
the glioblastomas. 

About 50% of the patients with brain shevess have con- 
vulsive seizures. In many, the seizures are likely to persist 
even though the abscess has been drained or removed surgi- 
cally. The incidence of seizures is considerably less for sub- 
dural hematomas, varying from rare to 25% in reported 
series. There is some suggestion, too, that the convulsions in 
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patients with subdural hematoma are probably due to the 
cerebral contusion that frequently accompanies the subdural 
collection of blood. 

’ Convulsive seizures are an infrequent symptom of the 
acute phase of a head injury. Rarely, they occur immediately 
following or within the first few days of the injury. In these 
cases the seizures are related to the acute brain damage or to 
the presence of hematomas or meningitis. In the majority of 
cases, however, seizures do not develop until months after 
the injury, six to 18 months being the most common interval. 

The exact incidence of seizures following head injury is 
unknown. The figures given in the literature vary from 2.5 to 
40% . The lower figure is probably correct if all types of head 
injury are included. As a rule, the more severe the injury, the 
greater the likelihood that seizures will develop. The inci- 
dence is as high as 40% when there has been penetration of 
the dura and laceration of the underlying cortex with forma- 
tion of a cerebromeningeal scar. 

About 15% of patients with cerebral or subarachnoid hem- 
orrhage have seizures at the onset of the bleeding. A recent 
study of autopsy cases by Richardson and Dodge reveal that 
seizures were recurrent in approximately 6% of patients with 
cerebral infarction, particularly infarction due to embolism. 
Vascular lesions involving the venous system can give rise to 
convulsions at any time of life. Vascular anomalies are also 
commonly accompanied by convulsive seizures. 

Certain metabolic disturbances should be considered at 
any age when the cause of recurring seizures is being sought. 
Spontaneous hypoglycemia, which is one such entity, is usu- 
ally due to one of three causes: functional hypoglycemia, 
hyperinsulinism with demonstrable pancreatic lesion, or or- 
ganic disease of the liver. Hypoparathyroidism is another 
condition with which seizures, sometimes of a bizarre type, 
may be associated. It is most often due to removal of the 
parathyroid glands during a thyroid operation. Rarely, it may 
occur without any obvious cause or may be associated with 
either Addison’s disease or moniliasis. 

Seizures are also seen with pseudohypoparathyroidism, a 
rare condition occurring primarily in females. The more 
common physical characteristics of the syndrome are short 
stature, round facies, cataracts, poor dentition, mental dull- 
ness, abnormally shortened digits and ectopic calcifications. 
Such patients, like those with hypoparathyroidism, have a 


22 


} 
i 
4 
| 
| 
2 


depressed serum calcium and elevated serum inorganic 
phosphorus values but a negative Ellsworth-Howard test. The 
pathogenesis of pseudohypoparathyroidism is considered to 
be failure of the end-organ to respond to circulating para- 
thyroid hormone. 

Table 4 summarizes the various causes of recurrent con- 
vulsive seizures in 2,000 non-institutional cases of epilepsy 
at all ages. 

PHYSICAL FINDINGS.—There are usually no abnormal phys- 
ical findings in patients with seizures of the idiopathic vari- 
ety. Some may, however, have scars on the tongue and lips 
resulting from lacerations occurring during attacks. The 
physical examination may be equally non-revealing in pa- 


TABLE 4.—RELATIVE FREQUENCY OF CAUSES OF 
RECURRENT CONVULSIVE SEIZURES IN 2,000 
Non-INSTITUTIONAL CASEs OF EPILEPSY 
AT ALL AGEs* 


PresuMED CAUSE OF SEIZURES % 
Birth injury or congenital defect................ 5.6 
*After Lennox. 


tients with seizures of symptomatic origin, but when ab- 
normalities are demonstrated they may have considerable 
diagnostic significance. 

If the patient has a short stature, rounded facies, cataracts 
and abnormally shortened digits the possibility of pseudo- 
hypoparathyroidism is suggested. Cutaneous lesions may 
suggest such possibilities as tuberous sclerosis or the Sturge- 
Weber syndrome. Tuberous sclerosis is characterized by con- 
vulsions, adenoma sebaceum (fibromas of the sebaceous 
glands on the cheeks and side of nose, butterfly distribution ) 
and mental retardation. The Sturge-Weber syndrome is mani- 
fested by convulsions, angiomas of the face and scalp, fre- 
quently in the distribution of one or more divisions of the 
trigeminal nerve, and intracranial calcifications. 

Elevated blood pressure may point to cardiovascular-renal 
disease as a possible cause of the convulsions. Seizures occur- 
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ring in patients with signs of congenital heart disease may 
imply an associated congenital cerebral defect or suggest a 
cerebral abscess. A heart murmur in a patient with seizures 
and with fever of unexplained origin raises the question of 
embolism, as does the presence of auricular fibrillation. The 
demonstration of a mass lesion in the breast, thyroid or pros- 
tate may indicate that the convulsions are secondary to cere- 
bral metastases. 

Abnormal neurological findings may be present in the pa- 
tients whose convulsive seizures accompany organic lesions 
or disease of the nervous system. These findings are charac- 
teristic of the underlying pathology and are exactly the same 
as those in patients having similar lesions without convulsive 
seizures. Abnormal neurological findings may be noted in 
patients with convulsions of unknown origin (1) during an 
attack, (2) as a result of injuries sustained during seizures, 
and (3) as the result of untoward side-effects of anticon- 
vulsant medicines. Extensor plantar responses and loss of 
pupillary reflexes are the most common abnormal findings 
during a seizure. 

There is considerable controversy regarding mental deteri- 
oration in patients with convulsive seizures. Early studies 
made on institutionalized patients indicated that mental de- 
terioration was inevitable. These findings are not applicable 
-in non-institutionalized cases. In a study of over 2,000 pa- 
tients seen in clinics or in private practice, Lennox found 
that 67% were mentally normal, 23% slightly deteriorated 
and only 10% definitely deteriorated. Mental deterioration 
was most common in patients whose seizures were associated 
with organic lesions of the brain. 

LABORATORY FINDINGS.—Except for the electroencephalo- 
gram, laboratory. findings are within normal limits in most 
patients with seizures of unknown cause. When the seizures 
are associated with a metabolic disturbance such as hyper- 
insulinism (hypoglycemia) or hypoparathyroidism, sugar or 
calcium content of the blood is low. When seizures are asso- 
ciated with brain tumor, brain abscess or other organic dis- 
eases of the nervous system, the laboratory findings are those 
characteristic of the underlying disease process. 

X-rays of the skull are usually normal in patients with 
seizures of unknown cause. Erosion of the clinoid processes, 
increased cortical markings and, in infants and children, 
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separation of the sutures indicate the presence of increased 
intracranial pressure and suggest a space-occupying lesion as 
the basis of the seizures. Intracranial calcifications suggest 
an old hematoma, tumor, toxoplasmosis, tuberous sclerosis, 
Sturge-Weber syndrome, hypoparathyroidism and pseudo- 
hypoparathyroidism as possible causes of the seizures (Figs. 
1-3). In adults x-ray studies should always be made of the 
chest as well as of the skull because of the frequency of 
cerebral metastases from carcinoma of the lung. 

X-ray study may be of additional diagnostic value in chil- 
dren whose seizures are suspected of being due to lead 
poisoning. In such cases there may be evidence of radiopaque 
material in the gastrointestinal tract and roentgenographic 
evidence of a deposition of lead in the form of a line of in- 
creased density at the epiphyseal ends of long bones. 

ELECTROENCEPHALOGRAMS. — Electroencephalography is 
one of the most important of all the ancillary procedures uti- 
lized in the diagnosis of the convulsive disorders. Electroen- 
cephalographic records taken during a clinical seizure show 
abnormalities that are characteristic of that seizure type. This 
is particularly true of grand mal and petit mal attacks. The 
electroencephalogram is of value not only in recording the 
changes that occur with the attack, but in registering abnor- 
mal activity in the interval between attacks. 

Grand mal seizures (Fig. 4) are characterized by the rapid 
or sudden development of high voltage spikes occurring at 
the rate of 20-30 per secénd. During the clonic phase the 
voltage increases but the frequency decreases. Immediately 
following the seizure the tracing is almost flat, with little or 
no evidence of cortical activity. Short bursts of abnormal ac- 
tivity characteristic of grand mal attacks are found only 
rarely in the seizure-free intervals of patients who are subject 
to grand mal. 

The petit mal seizure (Fig. 5) is characterized by the bi- 
laterally synchronous occurrence in all leads of high voltage 
rounded waves occurring at the rate of 3 per second, usually 
with a spike superimposed on each wave. Short bursts of this 
type of abnormality are common in all patients with petit 
mal epilepsy in the interval between attacks, and when this 
persists for more than a few seconds there is a slight depres- 
sion of consciousness, as manifested by a delay or lack of 
response to visual or auditory stimuli. 
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During a seizure the abnormalities in the electroencephalo- 
gram involve all portions of the cortex. In the interval be- 
tween seizures, focal abnormalities are present in a high per- 
centage of the patients with a local lesion in the cortex and 
are of value in establishing the diagnosis of cortical injury 
resulting from trauma, infections or tumors. According to 
the Gibbses, focal abnormalities in the temporal lobes are 
relatively common in the records of patients with seizures of 
the psychomotor type if the records are taken during sleep. 

The abnormalities in the electroencephalogram can be in- 
creased in a variety of ways, a phenomenon known as acti- 
vation. Recordings made during sleep, as mentioned above, 
show a greater incidence of seizure discharges of a focal or 
generalized nature than those made in the awake state. An 
increase in the frequency of abnormalities in the electro- 
encephalogram can also be produced by the administration 
of convulsant drugs in dosages insufficient to produce a clin- 
ical seizure, by the administration of alcohol, by photic stim- 
ulation and by excessive hydration of the patient. While 
activation of electroencephalogram has some use as an aid in 
diagnosis, its chief value is in the activation of a focalized 
abnormality in. patients with organic lesions in the brain, to 
serve as a guide to the neurosurgeon in operative treatment. 

It must be remembered that about 15% of patients with 
seizures will have a normal record if only one tracing is taken 
in the seizure-free interval. On the other hand, the presence 
of abnormalities in the electroencephalogram is not in itself 
diagnostic of a convulsive disorder, because abnormalities are 
found in about 10% of the normal population. 

The history and the results of the preliminary examina- 
tions will determine whether pneumoencephalography, ven- 
triculography or cerebral angiography is indicated. If the 
attacks are of a focal nature, if focal neurologic abnormali- 
ties are found which cannot be adequately explained or if 
there is an increase in intracranial pressure, as measured by 
lumbar puncture, or an elevation of cerebrospinal fluid pro- 
tein content above 75 mg. in the absence of syphilis or other 
infections of the meninges, one or more of these procedures 
should be done. Pneumoencephalography is contraindicated 
and ventriculography or angiography preferred when there is 
choked disc or high cerebrospinal fluid pressure. Angiography 
is contraindicated whenever there is sensitivity to the dye or 
moderate or advanced arteriosclerosis. — 
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DIFFERENTIAL DIAGNOSIS 


In infants and young children, convulsive seizures must be 
distinguished from breath-holding spells. If the latter are se- 
vere there may be convulsive movements during the episode 
and differential diagnosis may be difficult. In breath-holding 
spells there is always a precipitating factor, usually a slight 
injury or some emotional disturbance which results in violent 
crying, ending suddenly in respiratory apnea. In epilepsy 
there are, as a rule, no apparent precipitating factors and 
usually no crying before the attack. The cyanosis in breath- 
holding spells appears before the loss of consciousness and 
convulsive movements, whereas in epilepsy it becomes mani- 
fest after or during the convulsion. Finally, in almost all 
cases of breath-holding repeat electroencephalograms are 
persistently normal. 

The loss of consciousness associated with convulsive at- 
tacks may be confused with syncope. The onset of a convul- 
sive seizure is usually more rapid, the duration longer and the 
recovery slower than in a syncopal attack. Drowsiness, head- 
ache and confusion are common phenomena following a 
seizure, whereas the patient recovering from a syncopal at- 
tack usually has a clear sensorium. The electroencephalo- 
gram made between attacks is much more likely to be 
abnormal in the patient with convulsive seizures than in the 
one with syncopal attacks. 

The manifestations of convulsive seizures are at times so 
varied that they may be confused with hysterical attacks. 
There are no absolute criteria for the differentiation of an 
hysterical attack from an epileptic seizure. The best guide is 
the patient’s state of consciousness. If the patient can be 
aroused from a “major” seizure by a sharp stimulus or if the 
events which transpired during the attack can be recalled, it 
is unlikely that a real seizure has occurred. Hysterical attacks 
usually occur in the presence of an audience and are fre- 
quently precipitated by emotional situations and not followed 
by headache, muscle soreness or confusion. Electroenceph- 
alographic study may be of value, but the final diagnosis 
usually depends on a thorough psychological study of the 
patient or the effect of anticonvulsant therapy on the fre- 
quency of the seizures. 
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TREATMENT 


There are three major steps in the treatment of patients 
with convulsive seizures: (1) removal of the causative and 
precipitating factors of the attacks, (2) improvement of gen- 
eral physical and mental hygiene, and (3) medical therapy 
directed toward elevation of the convulsive threshold and thus 
prevention of attacks. 
1. Removal of Causative and Precipitating Factors: Causa- 
tive and precipitating factors are removed whenever possible. 
This applies primarily to the symptomatic group of convul- 
sive disorders and includes surgical removal of operable 
tumors of the brain, evacuation of brain abscesses, treatment 
of infectious or endocrine abnormalities such as hypopara- 
thyroidism or hyperinsulinism and the correction of any 
physical defects. The surgical treatment of fixed lesions of 
the brain is discussed more fully later. 
2. Physical and Mental Hygiene: Most patients are normal 
in the interval between attacks, and the judicious use of anti- 
convulsant medications can keep many patients seizure-free. 
The major emphasis then is on normality. It is not possible 
to emphasize normality to the patient on the one hand and, 
on the other, to weigh him down with excessive restrictions 
regarding diet, fluid intake and physical activity. 
A wholesome, regular diet consisting of simple foods with 
an abundance of vegetables and fresh fruits should be recom- 
mended. In most cases no special limitations are placed on 
fluid intake, but alcohol beverages of any kind are always 
forbidden. The patient should have regular hours of sleep 
and should establish regular bowel habits by training and by 
the use of mild laxatives, when necessary, to overcome the 
tendency to constipation that is frequently present. 
Physical and mental activities are not only of value in help- 
ing to control seizures but are essential in preventing psycho- 
logical invalidism. Children should be kept in school unless 
the frequency of attacks unduly disturbs the routine of the 
classroom or mental deficiency requires special facilities. 
Adults should be assisted in obtaining productive work which 
will occupy their time and provide remuneration. Few restric- 
tions need be placed on the type of employment, except that 
the patient should not be allowed to drive an automobile, 
= unguarded machinery or work on scaffolding or 
ers. 
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The apprehension and anxiety created by the uncertainty 
of the next attack, the embarrassment of having a fit in the 
presence of others, the overprotective and oversolicitous atti- 
tude of the family and the social rejection that invariably 
faces the individual with a convulsive disorder frequently 
tend to produce personality problems that are, at times, of 
greater magnitude than the seizures themselves. This has led 
to personality traits which have been considered to be char- 
acteristic of patients with epilepsy and have been described 
under the heading of “epileptic personality.” Actually, ab- 
normal personality traits are uncommon in patients whose 
seizures are controlled by treatment and who are able to en- 
gage in the usual activities of life. 

Fear, feelings of inferiority and self-consciousness must be 
overcome by adequate explanation, reassurance and encour- 
agement. Misconceptions about mental deterioration and in- 
sanity can be corrected by pointing out the facts that many 
patients with seizures lead normal lives and that many have 
been people of great intellectual distinction. A proper family 
attitude should be established to prevent incapacitating de- 
pendency, hostility and resentment in the patient. The most 
effective form of psychotherapy is to demonstrate to the pa- 
tient that his seizures can be adequately controlled by the 
use of anticonvulsant medication. 

3. Medical Therapy: The successful management of pa- 
tients with epilepsy depends on the ability of the physician 
to prevent the occurrence of seizures. The economic, social 
and psychological rehabilitation of the patient can only be 
accomplished when the seizures have been eliminated or re- 
duced to a minimum; and, at present, the only effective way 
of controlling the seizures in the majority of cases is by the 
use of anticonvulsant drugs. 

Certain drugs are more effective in one type of seizure than 
in another, and it is necessary to use the proper drugs in op- 
timal dosage for the different types of seizures. If satisfactory 
results are not obtained with one drug, the others should be 
tried, but frequent shifting of medications is not advisable, 
and each should be given an adequate trial before another is 
substituted. In some patients, a combination of two or more 
drugs gives much better results than the use of one alone. 

When medication is being changed the dosage of the new 
drug should be gradually increased to an optimal level, then 
the dosage of the old drug should be decreased gradually. The 
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sudden withdrawal of a drug may lead to status epilepticus, 
even though a new drug is substituted. Once an anticonvul- 
sant or a combination of anticonvulsants is found to be ef- 
fective, it should be maintained for a period of years. 

The drugs commonly used in the treatment of patients 
with convulsive seizures are the barbiturates, hydantoins, 
oxazolidine-diones and, to a lesser extent, the acetylureas, 
succinimides and bromides. The following is a list of the 
compounds that are commercially available. 


Barbituric acid derivatives Oxazolidione derivatives 
Phenobarbital Trimethadione (Tridione) 
Mephobarbital ( Mebaral ) Paramethadione (Paradione ) 
Metharbital (Gemonil ) Acetylurea derivatives 
Primidone (Mysoline) Phenacemide (Phenurone ) 
Hydantoin derivatives Succinimide derivatives 
Diphenylhydantoin sodium Methylphenylsuccinimide 
(Dilantin ) (Milontin ) 
Methylphenylethyl hydantoin Benzchlorpropamide (Hibicon) 
(Mesantoin ) Acetazoleamide (Diamox) 


INDICATIONS FOR USE OF SPECIFIC DRUGS.—In patients with 
grand mal, psychomotor or focal seizures, phenobarbital and 
diphenylhydantoin are the drugs of choice because of their 
high therapeutic index. If satisfactory results are not ob- 
tained, Mesantoin, Mebaral or Mysoline can be tried. A com- 
bination of phenobarbital and diphenylhydantoin or diphenyl- 
hydantoin and Mesantoin is often more effective than either 
of these drugs alone. If these drugs are combined, a full 
therapeutic dose of each drug must be used. 

Tridione, Paradione and Milontin are the only drugs that 
have any appreciable influence on the frequency of petit mal 
attacks in children. If patients are subject to petit mal 
seizures and grand mal or psychomotor attacks, one of the 
so-called petit mal drugs should be given in combination with 
diphenylhydantoin or phenobarbital. 

Minor motor seizures are the most difficult of all attacks to 
control by anticonvulsant drugs. No particular medication 
seems to be effective, and Livingston has suggested that such 
patients be treated by the ketogenic diet. Since the diet is so 
difficult to maintain, a trial of drug therapy is warranted at 
first. Lennox, considering these seizures to be part of the petit 
mal triad, has recommended the petit mal drugs. In an occa- 
sional case Milontin and Phenurone have proved effective. 
All the various agents can be tested by trial and error. 
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DOSAGES AND SIDE EFFECTS.—Phenobarbital.—For the av- 
erage adult the initial dose is 0.1 Gm. daily, given usually at 
bedtime. If necessary, this dose is gradually increased at 
suitable intervals until the patient is taking as much as 0.3— 
0.4 Gm. a day. If this amount fails to control seizures, it is 
doubtful that further increase will be of value. The dose of 
phenobarbital in children should be in proportion to their 
weight. It has been found, however, that children are able 
to tolerate and require almost as large a dose as adults. It is 
therefore advisable to give children over 6 or 7 years of age, 
the minimal dose of 0.1 Gm. a day. Children under 1 year 
can usually tolerate up to 0.03 Gm. a day. 

The toxic side effects of phenobarbital are rarely serious. 
In 5-10% of the patients, the drug causes an incapacitating 
drowsiness. In some patients this disappears with continued 
therapy. In others, the persistence of drowsiness may prevent 
further use of the drug. Occasionally the drowsiness can be 
combated by 10-20 mg. of amphetamine sulfate in single or 
divided doses given in the forenoon. Less than 1% of patients 
given the drug develop an allergenic dermatitis of scarlatini- 
form or morbilliform nature; the drug should be discontinued 
until the rash disappears. If the rash recurs on subsequent 
administration, further use is contraindicated because of the 
danger of exfoliative dermatitis. Ataxia of gait, tremors of 
the extremities and nystagmus can develop in practically all 
patients if they are given large doses of phenobarbital. These 
symptoms are rare, however, with dosages of less than 0.2— 
0.3 Gm. per day. 

Diphenylhydantoin sodium (Dilantin).—In addition to be- 
ing a highly effective anticonvulsant, this drug has the ad- 
vantage of having little or no hypnotic effect. The principle 
of its administration is similar to that of phenobarbital, 
namely, to establish and maintain a reservoir of the drug 
sufficient to control the seizures. For the average adult, the 
minimal daily dose is 0.3 Gm. This can be given as a single 
dose at bedtime or in divided doses during the day. If seizures 
occur after a two week trial of this dosage, it should be in- 
creased to 0.4 Gm. daily. Further increases in dosage should 
be by increments of 0.1 Gm. until a maximum of 0.6 Gm. is 
reached. Few patients can tolerate such a dosage, and in 
most cases 0.4 Gm. is the optimal dose. In children over 12— 
14 years of age, the average dose is 0.3-0.4 Gm., and in 
younger children, 0.03—0.3 Gm. 
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Diphenylhydantoin sodium can produce nervousness and 
sleeplessness, gastric distress, nausea and vomiting, unsteadi- 
ness of gait, hypertrophy of the gums, dermatitis, hyper- 
trichosis and psychotic symptoms. The minor toxic mani- 
festations—of nervousness and slightly unsteady gait—are 
frequently transient. They appear during the first few days 
of therapy and disappear with its continuation or when the 
dosage is temporarily reduced. Nystagmus and ataxia will 
develop in most patients when the dose is increased beyond 
0.5 Gm. Their appearance calls for a temporary or perma- 
nent reduction of dosage. The reduced dose may not be 
effective in controlling the seizures, and in such cases a 
combination of diphenylhydantoin sodium with Mesantoin or 
phenobarbital should be tried. 

Giving the drug at mealtime or with a little bicarbonate of 
soda may control the gastrointestinal disturbances. The der- 
matitis, which is often accompanied by fever, is of a scarla- 
tiniform or morbilliform nature and usually occurs within 
two weeks of instituting therapy in 5-10% of patients. The 
appearance of a rash is an indication for discontinuing the 
drug, and its further use is precluded if the rash recurs when 
treatment is re-instituted. 

One of the most troublesome and annoying toxic effects 
of the drug is hypertrophy of the gums. This is most com- 
mon in children and varies from a slight swelling of the 
gums to marked hyperplasia almost totally covering the teeth. 
The swelling can be retarded by massaging the gums daily 
and by good oral hygiene. Any excessive gum tissue can be 
excised by the dentist. 

Many other drugs can be used alone or in combination with 
diphenylhydantoin sodium and/or phenobarbital should the 
latter two prove to be ineffective or to have too many un- 
desirable side effects. Those in widest use at present are 
Mesantoin, Mebaral, Mysoline, Phenurone and the bromides. 

Mesantoin.—This compound is another hydantoin de- 
rivative which is an effective anticonvulsant agent. Occa- 
sionally it is more effective than other drugs in controlling 
grand mal, psychomotor and focal seizures. Relatively large 
doses are required (0.4—-1 Gm. daily). 

The toxic side effects are similar to those of diphenylhy- 
dantoin sodium, except that it does not produce gum hyper- 
trophy. It has more sedative effects than diphenylhydantoin 
sodium, and a number of cases of fatal blood dyscrasia have 
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occurred. For the latter reason, the drug must be used cau- 
tiously and carefully, and only when phenobarbital and Di- 
lantin sodium have been proved to be ineffective. Patients 
taking Mesantoin should be seen at frequent intervals and 
should have complete blood counts every 30 days. 

Mephobarbital (Mebaral).—This drug is a 3-methyl deriva- 
tive of phenobarbital and can be used as a substitute for the 
latter because it has slightly less sedative effect. In some 
cases this compound has been unusually effective in con- 
trolling seizures either when used alone or in combination 
with diphenylhydantoin sodium. The dosage of Mebaral is 
approximately twice that of phenobarbital, and at this dosage 
the sedative effect is similar to that of phenobarbital. The 
— _ effects of Mebaral are similar to those of pheno- 

ital. 

Primidone (Mysoline).—This is one of the newer drugs 
available for the treatment of convulsive seizures. It has been 
effective against grand mal, psychomotor, focal and occa- 
sionally minor motor attacks, when given alone or in com- 
bination with diphenylhydantoin sodium. It has no value in 
the treatment of petit mal. It is dispensed in 0.25 Gm. tab- 
lets, and the average adult dose is 0.75-1.5 Gm. daily. In 
adults it is best to begin by giving 0.25 Gm. daily for five to 
six days, then gradually increase it by 0.25 Gm. increments 
to tolerance or therapeutic effectiveness. The dosage for chil- 
dren varies from 0.125 to 0.75 Gm. daily. In children it is 
best to begin by giving 0.125 Gm. daily for five to six days, 
with gradual increase thereafter by 0.125 Gm. increments to 
tolerance or therapeutic effectiveness. 

Nausea, vomiting, dizziness, excessive somnolence and 
minor psychic disturbances develop in about 20% of the 
patients. These symptoms disappear with withdrawal of the 
drug or proper regulation of the dosage. As a rule, Mysoline 
cannot be given in large amounts with other sedative anti- 
convulsants. It is therefore best combined with diphenylhy- 
dantoin sodium or used alone. 

Phenacemide (Phenurone).—This drug has been recom- 
mended by some workers as being particularly effective in 
the treatment of psychomotor seizures. Other investigators 
have not found it to be of special value in the treatment of 
any type of seizure. Occasionally, however, patients with 
minor motor attacks respond to Phenurone. The average daily 
dose is 2~3 Gm. 
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This compound has two limiting side effects—a tendency 
to aggravate personality disturbances with the development 
of psychosis in some cases, and a tendency to affect the liver. 
Jaundice, impaired liver function as shown by the commonly 
used tests and fatalities have been reported following its use. 
It should be used cautiously, particularly in patients with a 
history of liver dysfunction. Liver function tests should be 
done frequently on all patients given Phenurone. This drug 
is not recommended for general use and should be prescribed 
only after the other anticonvulsants have been given an ade- 
quate trial. 

Bromides.—The bromides were formerly the main thera- 
peutic agents in the convulsive disorders, but they have been 
replaced almost entirely by diphenylhydantoin sodium and 
phenobarbital. They are, however, occasionally effective 
when other forms of therapy fail. The average dose for an 
adult is 1 Gm. three times daily, with proportionate doses for 
children according to size. The dose can be increased to a 
maximum of 2 Gm. three times daily in the absence of signs 
of toxicity. The chloride intake must be kept at an adequate 
level to prevent undue replacement of chloride ion in the 
body fluids by the bromide. Periodic determinations of the 
bromide content of the serum should be made. The effective 
level varies from patient to patient. It may be as low as 0.1 
Gm. per 100 cc. in some, whereas 0.3 Gm. may not be effec- 
tive in others. Toxic symptoms usually develop with a con- 
centration of 0.15 Gm. or more. 

Toxic side effects of the bromides include skin rashes, 
mental dulness and toxic psychosis. The availability of other 
less toxic anticonvulsant medications makes the need of tol- 
erating the unpleasant side effects of the bromides unneces- 


sary. 

Trimethadione (Tridione).—This drug has no value in the 
control of grand mal, psychomotor or focal seizures, and 
when patients have one of these types of seizures as well as 
petit mal, diphenylhydantoin sodium or phenobarbital should 
be combined with trimethadione. The dosage for treatment 
of petit mal varies from 0.3 to 2.4 Gm. daily, starting with 
0.3 Gm. and gradually increasing the dose until the seizures 
are controlled or evidence of toxicity appears. 

Toxic side effects include an unusual sensitivity to light, 
skin rashes, nephrosis and pancytopenia. The photophobia, 
which is more apt to develop in adolescents and adults than 
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in young children, is not accompanied by any change in 
visual acuity and is not an indication for discontinuing the 
medication. As a rule, it disappears two to three weeks after 
the drug has been started, and while it is present dark glasses 
should be worn. The appearance of dermatitis is usually an 
indication to discontinue the drug. Evidence of nephrosis 
calls for an immediate cessation of medication. A number 
of cases of fatal blood dyscrasia have resulted from tri- 
methadione therapy, and to prevent this complication, if 
possible, complete blood counts should be made every month. 
The drug should be discontinued if there is significant ane- 
mia or if the granulocytes are reduced below 3,000 per cu. 
mm. 
The use of this compound in combination with Mesantoin 
should be avoided if possible because of the tendency of both 
of these drugs to affect the blood elements. 

Paramethadione (Paradione).—This compound is very sim- 
ilar to trimethadione both in chemical structure and in anti- 
convulsant action. Like trimethadione, it is effective only in 
the treatment of petit mal. It is probably slightly less effec- 
tive therapeutically and probably also slightly less toxic than 
trimethadione. The dosage is the same as of trimethadione. It 
is used in the place of trimethadione when the latter proves 
to be ineffective or too toxic. In an occasional case the best 
therapeutic effect is obtained by combining these drugs. 

Blood dyscrasias, nephrosis and dermatitis have also been 
noted with paramethadione. It is therefore necessary to use 
the same precautionary measures as used for trimethadione. 

Methylphenylsuccinimide (Milontin).—This drug has been 
reported to be effective in the control of petit mal seizures in 
some patients who are not benefited by trimethadione. The 
daily dose is 0.75—3.0 Gm., the average for adults being about 
2.5 Gm. This drug has not had extensive trial, so its place 
in the treatment of petit mal has not been definitely estab- 
lished. It has been occasionally effective in patients with 
minor motor seizures. Toxic side effects (nausea, dizziness, 
drowsiness, vomiting and dream-like states) are seen in about 
20% of patients. Investigators in Great Britain have reported 
hematuria while this drug was being administered. Because 
there are only two other agents available for the treatment 
of petit mal, this drug should be given a thorough trial should 
trimethadione and paramethadione prove to be ineffective 
in treatment of the petit mal state. 
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Benzchlorpropamide (Hibicon).—This drug has been re- 
ported to be effective in the treatment of grand mal, psycho- 
motor and focal seizures, in a dosage ranging from 4 to 8 Gm. 
per day. The toxic effects noted include dizziness, nervous- 
ness, tremulousness and gastrointestinal distress. The drug 
has not proved to be effective in the hands of all investiga- 
tors who have used it. 

Metharbital (Gemonil).—This compound has been recom- 
mended for the treatment of seizures associated with organic 
brain diseases. The average adult dose is 0.1 Gm. three 
times a day. The dose in children is half that of the adult 
dose. Like mephobarbital, metharbital has less sedative ef- 
fect than phenobarbital, but in large doses causes the same 
side effects as phenobarbital. Metharbital has not been gen- 
erally accepted as an effective anticonvulsant. 

Acetazoleamide (Diamox).—This compound, which is a car- 
bonic anhydrase inhibitor, has been reported as being effec- 
tive as an anticonvulsant agent in a dosage ranging from 
0.25 to 1.0 Gm. daily. Confirmatory reports from other clinics 
are not yet available, and one case of agranulocytosis follow- 
ing the use of this drug has already been reported. 

Amphetamine sulfate (Benzedrine; Dexedrine).—Ampheta- 
mine sulfate is useful as an adjuvant in the treatment of 
patients with convulsive seizures. It has no apparent direct 
anticonvulsant action but is useful in combating the lethargy 
produced by phenobarbital, Mebaral, Mesantoin and Myso- 
line. The stimulative effect may be of value in reducing the 
frequency of petit mal attacks in children when combined 
with Tridione. Dosage varies from 5 to 20 mg. daily accord- 
ing to the needs of the patient. Dexedrine prepared in a 
special form (Dexedrine Spansule) so that it is slowly re- 
leased throughout the night is given at bedtime in dose of 
15-30 mg. to patients with nocturnal seizures. The slow re- 
lease of the drug allows for apparently normal sleep. The 
side effects of these compounds are anorexia, insomnia and 
overstimulation. 

KETOGENIC pDreET.—It has been shown that a shift in the 
acid-base balance of the body fluids to the acid side tends to 
prevent seizures. A satisfactory acidosis can be produced by 
a diet which contains an excess of fats over carbohydrates. 
Good control of seizures by the diet has been 
numerous observers. Livingston believes that it is the only 
effective way to treat minor motor seizures in children. Since 
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it is most difficult to maintain this diet and since drug ther- 
apy has become increasingly effective, the ketogenic diet has 
fallen into disuse. 

SURGICAL TREATMENT.—The surgical removal of lesions 
associated with convulsive disorders is indicated in only a 
relatively small group of patients. Surgery has its greatest 
application in cases in which the convulsive disorder is symp- 
tomatic of an expanding lesion, such as a tumor or abscess, 
inside the cranial cavity. It must be remembered, however, 
that the convulsive seizures will be relieved in only about 
50% of cases of meningioma of the brain and in a much 
smaller percentage of cases of glioma or abscess of the brain. 

Cortical scars produced by cerebral trauma, vascular le- 
sions or birth injuries should be removed surgically only in 
patients with focal attacks which do not respond to an ade- 
quate trial of anticonvulsant medication. The excision of 
such lesions should be performed only by neurosurgeons who 
have facilities for adequate localization of the abnormal focus 
in the cortex which is acting as the trigger mechanism for 
the seizures. Medical treatment must also be used in these 
patients after operation. 

A more radical type of operation, the removal of the entire 
damaged hemisphere (hemispherectomy), has been carried 
out on some patients with intractable seizures, behavior dis- 
turbances and hemiplegia present since birth or early life. 
In selected cases the procedure has controlled the seizures, 
improved behavior and actually lessened the spasticity of 
the hemiparetic side without increasing the motor deficit. 

The anterior tip and the entire temporal lobe have been 
removed as a therapeutic measure in patients with psycho- 
motor attacks. The results of this operation have not yet been 
determined. 


TREATMENT OF STATUS EPILEPTICUS 


Patients with convulsive seizures may have attacks so fre- 
quently that they do not recover from the coma produced by 
one attack before the next attack supervenes. The patient 
may remain in coma for 12-24 hours, during which time 
there may be many convulsive seizures. There may be a 
spontaneous cessation of the seizures and return to conscious- 
ness after 24—48 hours, or death may occur as a result of the 
repeated attacks. Since there is the possibility of a fatal termi- 
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nation, vigorous therapeutic measures are indicated to termi- 
nate the seizures. 

The two most effective drugs in treatment of status epilep- 
ticus are phenobarbital sodium and paraldehyde. These drugs 
should be given intravenously. The full dose should be given 
at the first injection, because best results are obtained when 
the therapeutic amount is given in one, rather than in di- 
vided doses. For status epilepticus in adults, 0.4—0.8 Gm. of 
phenobarbital sodium dissolved in distilled water or 3-6 cc. 
of paraldehyde should be injected intravenously. The dose 
for children is 0.2—0.4 Gm. of sodium phenobarbital or 2—4 
cc. of paraldehyde, according to the size of the child. 
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